Recent findings have shown that several classes of ICCs of the mouse and other species express the receptor tyrosine kinase, Kit. Activation of Kit by its ligand, stem cell factor, or "steel" factor is important in the development of ICCs because blockade of Kit with neutralising antibodies 11 12 or mutations in c-kit 13 14 or steel 15 impair the development of ICCs at the level of the myenteric plexus in the small intestine (IC-MY). Loss of IC-MY is associated with abnormal electrical activity in this region of the gut, including loss of electrical slow waves. In the white spotting mutation (W/W 
(B) NOS-LI in enteric inhibitory nerves (arrows); IC-IM also appeared immunoreactive for NOS (C). (D, E) Double labelling of Kit (D) and vAChT (E). Double labelling of Kit-LI and vAChT-LI is shown in (F). Courtesy of Wang et al.
a second population of ICCs located within the circular and longitudinal muscle layers (IC-IM) of the stomach as well as in the lower oesophageal, pyloric, and internal anal sphincters also fail to develop and neurotransmission is compromised in these tissues, 16 17 providing functional evidence for the intercalation theory proposed by Cajal in 1911. 18 Although all of these studies support the proposed functional roles for ICC, much has yet to be learned about basic mechanisms of rhythmicity and transduction of neural inputs, the specific contributions of ICCs and smooth muscle cells to these behaviours, and the factors that regulate the development of ICCs and the formation of ICC/smooth muscle networks and enteric neurone/ICC/smooth muscle motor units in the various organs of the gastrointestinal tract. A powerful means of investigating the physiological role of ICCs is to manipulate the development of these cells and the formation of ICC networks. 19 In order to design such studies properly, it is necessary to understand the time course of and factors that regulate ICC development. Developmental studies, however, have been hampered by lack of specific cellular labels for ICCs. Rigorous identification of these cells has required ultrastructural studies. Faussone-Pellegrini (1984) 20 studied the development of ICCs using transmission electron microscopy, but the conclusions that ICCs developed well after birth are inconsistent with the observation that electrical rhythmicity can be measured at or before birth. 21 22 Use of ultrastructural criteria may not be the best means of following the development of ICCs because the features commonly associated with the mature phenotype may not develop as early as cellular function. Recent findings that ICCs express Kit protein makes it possible, using specific antibodies and immunohistochemistry, to follow the development of these cells back into the embryonic period and to investigate the relationship between the development of ICCs and the initiation of electrical rhythmicity and/or development of postjunctional neural responses. Kit expression in the small bowel begins midway through gestation. Cells within the tunica muscularis that express Kit develop before birth within the myenteric plexus region and form characteristic ICC networks (IC-MY). After birth, ICCs continue to develop within the region of the deep muscular plexus of the small intestine, forming networks of IC-DMP. 21 Blocking of the ICC networks in newborn animals using neutralising antibodies disrupts IC-MY and electrical rhythmicity and reduces responses to electrical field stimulation in the murine jejunum, suggesting that Kit is critical not only for the development but also for the maintenance of ICCs, electrical rhythmicity, and neural responses. 22 Physiological and morphological studies have also shown that inhibitory innervation of gastrointestinal muscles is concentrated in regions where ICCs are located, [23] [24] [25] and isolated ICCs have been shown to be responsive to a variety of enteric transmitters, including nitric oxide (NO) and substance P. 26 27 Using antibodies raised against formaldehyde fixed cyclic guanosine monophosphate (cGMP), 28 ICCs have been evaluated specifically as targets for NO by monitoring changes in cellular levels of cGMP in response to NO donors and stimulation of enteric neurones. 9 10 The role of ICCs in neurotransmission has also been supported in studies showing that loss of a specific population of ICCs in the murine stomach results in loss of NO dependent neurotransmission. 16 17 Although numerous ultrastructural studies with transmission electron microscopy have shown close apposition between enteric neurones and ICCs, the extent and specifics of this innervation have been documented only recently. Antibodies directed against the intermediate filament marker, vimentin, and the receptor tyrosine kinase, Kit, to label ICCs 12-16 21 29 and antibodies directed against substance P, vesicular acetylcholine transporter (vAChT) and NO synthase (NOS) have been used recently to label excitatory and inhibitory motor neurones, respectively. Neurones with NOS, vAChT, and substance P-like immunoreactivities are closely associated with the cell bodies of interstitial cells and ramify along their processes for distances greater than 300 µm (fig 1) . With transmission electron microscopy, we noted close relationships between interstitial cells and NOS, vAChT, and substance P-like immunoreactive axonal varicosities. Varicosites of NOS, vAChT, and substance P-like neurones were found as close as 20 and 25 nm from interstitial cells, respectively. Using immunocytochemistry, we have also recently demonstrated the existence of group.bmj.com on June 27, 2017 -Published by http://gut.bmj.com/ Downloaded from specialised synapse-like contacts between enteric neurones and ICCs within the circular and longitudinal muscle layers in the murine gastric fundus and ICCs within the deep muscular plexus (IC-DMP) in the guinea pig small intestine. Close structural relationships (approximately 25 nm) were also occasionally observed between either NOS, vAChT, and substance P-like immunoreactive varicosities and smooth muscle cells in the circular layer of the murine fundus and the outer circular muscle layer of the guinea pig small intestine. 30 These data suggest that interstitial cells in the gastric fundus and deep muscle plexus of the small intestine are heavily innervated by excitatory and inhibitory enteric motor neurones. In W/W V mutant animals, the absence of IC-IM in the murine fundus led not only to reduced NO dependent postjunctional responses but also resulted in loss of cholinergic excitatory responses. Thus the existence of synaptic-like specialisations and loss of inhibitory and excitatory neural responses suggest that ICCs may provide an important, but probably not exclusive, pathway for nervemuscle communication in the gastrointestinal tract.
In conclusion, the current concept of classical neuromuscular transmission in the gastrointestinal tract, which is thought to occur via release and diVusion of the transmitter through a loosely defined postjunctional volume with subsequent binding and activation of receptors expressed by neighbouring smooth muscle cells, 31 should be reconsidered (see fig 2) . Recent morphological and physiological studies suggest that this concept is incomplete and that an alternative model first proposed by Cajal (1911) 18 and later by Daniel and Posey-Daniel (1984) 32 is more consistent with recent findings in the murine stomach. That is, transmitter released from enteric motor neurones binds primarily to receptors expressed by ICCs. Activation (depolarisation or hyperpolarisation) of neighbouring smooth muscle cells occurs by conduction of excitatory or inhibitory junction potentials via gap junctions between ICCs and smooth muscle cells (see fig  3) . Thus terminals of enteric motorneurones, IC-IM, and smooth muscle cells form functional units that release transmitter and mediate and transduce neural inputs into mechanical responses. 
